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ANTT-MTmORTAT. PArKACTNOMATFUTAT S ATVn MFTHODS 
FPU MAKTNn TTTF S AMF 

5 

TTTFJ n Off TWR TNVF.TVTTON 

The present invention pertains to a novel, inexpensive method for placing an anti- 
microbial coating onto packaging nM.terials, and to polymer dispersions containing anti-microbial 
10 zeolites. The stable, zeolite-containing dispersions may be formulated in water-based or solvent- 
based systems. They are of particular importance for use on food packaging films. 

^ RArKCROTTIVn OF TTTF TNVFNTinN 

1S«; Anti-microbial packaging is of increasing importance in the food industry. Anti- 

|i| microbial packaging allows manufacturers to distribute products with longer shelf lives, which 
£ permits the manufacturer to decrease distribution costs. Anti-microbial packaging also enables 
^ both the merchant and the consumer to stockpile products. This permits the manufacturer to 
^ increase sales volume. Anti-microbial packaging also provides some assurance against 
2^ intentional and unintentional contamination. Additionally, it is speculated that manufacturers 
O who utilize anti-microbial packaging will see their products purchased in preference to other 
brands which lack anti-microbial packaging. Lastly, the ability to protect foods longer may 
permit a transition to fresher food products, transforming the market and estabUshing new 
brands. 



25 

Various anti-microbial agents have been used with packaging materials. Examples of 
anti-microbial agents used in paper and plastic food packaging materials include alcohols and 
organic acids such as acetic, proprionic, benzoic and sorbic acids. Organic acid salts have been 
employed as well. Examples include potassium and calcium sorbates, sodiiutn benzoate and 
30 quatemary salts. Organic acid anhydrides such as sorbic acid anhydride, and benzoic acid 
anhydrides have also been employed. Polymeric anti-microbial materials such as hexyl-PVP 
have also been suggested for use as packaging materials. Another suggested category of anti- 
microbials are inorganic anti-microbials, examples of which include sulfites, nitrites, chlorides, 
carbon dioxide, sulphur dioxide and silver salts. 

35 
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These anti-microbial materials have been added to packaging materials in a variety of 
ways. In some of the simplest applications, anti-microbials have been dusted in or sprayed on 
packaging materials. However, anti-microbial agents that are not attached to the packaging 
material may leech from the package surface. For food products in particular, leeching of the 
5 anti-microbial agent is not desirable as it may lead to ingestion of the anti-microbial These anti- 
microbial treatments are also subject to wear, and typically lose effectiveness with time and 
handlmg. For long-term anti-infective properties, it has been suggested that the anti-microbial 
agent be incorporated into the raw material from which the packaging material will be made. In 
so doing, however, much of the anti-microbial agent is 'iDuried" within the packaging material. 
10 Though the buried anti-microbial will '^ride with" the package, and thus serve some preventative 
role, it will not be available for the first line of defense at the packaging surface. The amount of 
buried, wasted anti-microbial agent in molded or extruded packaging materials is especially high, 

t One of the difficulties encountered with producing anti-microbial or microbially resistant 

liSJ packagmg materials is the cost of the anti-microbial agent. Anti-microbial agents, typically, are 
^ more expensive than the paper and/or plastic material that forms the remainder of the packaging. 
%i Another difficulty is the cost associated with incorporating the specific anti-microbial agent into 
the packaging material. For certain products, particularly food products, the cost of anti- 
microbial packaging materials has been prohibitive. With the growing emphasis on the 
^ importance of anti-microbial properties, longer-acting, more expensive anti-microbial agents are 
5^ being developed. Zeolites are a preferred, long-acting anti-microbial agent, but they are quite 
FIJ expensive. It would be highly desirable to be able to use zeolites as part of a more cost efiective 
anti-microbial coating. 

25 It has been suggested to use anti-microbial zeoHtes to render polymeric resins anti- 

microbial. Specifically, U.S. Patent No. 4,938,958 discloses "incorporating the antibiotic zeolite 
into the resin by means of kneading it with the zeolite or coating the antibiotic zeolites on the 
surface of such a resin'' (emphasis added)(coL 4, lines 34-39). No fiuther description of coating 
is offered. No level of addition is offered. It is not stated that the addition is made to molten 

30 resin, or with wet or dry zeolites. No suggestion of forming a coating solution is given. This 
patent also suggests, in the field of paints, directly mixing zeolites with paints to impart 
antibiotic properties, or coating the zeolite on the surface of the coated films(emphasis added) 
(col. 4., lines 56-65). Again, there is no description of how to coat and no instruction as to how 
to convert the paints to formulations that can be easily and inexpensively combined with 

35 packaging materials, such as clear plastic film, to render them anti-microbial. 
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Recently, there have been suggestions to put silver-containing zeolites into plastic films, 
which are a preferred packaging material for food. For example, in Food Contact Substance 
Notification FCN 000047, the Food and Drug Administration has approved Zeolite A made by 
Sinanen Company Ltd. for use in all types of food contacting polymers, in a level of up to 5%. 
5 However, films are typically made by extrusion processes, and for the reasons given above, anti- 
microbial agents may be buried in an extrusion product. This is especially true for films, as the 
heat which causes the flow of the fihn-former also creates a skin of film-former at the surface, 
which blocks the anti-microbial agent firom the surface. However, packaging fihns are water- 
repellant (hydrophobic) and are typically produced by the extrusion process, and for the reasons 

10 given above, anti-microbial agents may be buried within the hydrophobic product. Since the 
performance of the anti-microbial agent depends on mobiUty through a moisture medium, the 
extruded hydrophobic polymer hmits the anti-microbial effectiveness since it reduces the anti- 
microbial mobility. Thus, a substantial amount of the zeohte near the surface is covered and 
p:j therefore unavailable for its intended purpose. The result is a film that is expensive to 

l|3 manufacture and less effective than desired. 

5 S n 

H 

y;! One specific attempt to incorporate anti-microbial zeolites into films and the like is found 

* in U.S. Patent No. 5,556,699, (the '699 patent). The ^699 patent discloses preparing "antibiotic" 
L films by admixing the zeoUtes and a variety of polymer materials, (see column 4, lines 24-44) in 

the usual manner and forming the films by any known method such as casting, extrusion 
J; (inflation, T-die, calendering, cutting), and drawing methods (see col. 4 lines 45-58). Li 
p addition, flie patent discloses laminates made fijom such films, by co-extrusion, or laminating 
(col. 5, lines 12-14), Examples 1-3 and 5 demonstrate co-extrusion. Example 4 describes using 
a mixture of polyurethane and zeolites to coat a substrate used in the manufacture of a 
25 toothbrush, prior to the addition of the bristles. See col. 9, line 26. Despite of this disclosure, 
further improvements in coating methods and processes, and in zeolite coating formulations, 
have been sought. For example, in the past, it was known that tiie zeoUtes would rather quickly 
settle at the bottom of the vessel. Thus, the actual coating applied to the surface would often 
contam far less of the anti-microbial than desired. The effectiveness of the anti-microbial 
30 activity was also less than expected. 

More sophisticated mechanisms for incorporation of anti-microbials into packaging are 
also being developed. U.S. Patent No. 6,264,936 Bl discloses a non-leeching, long acting, anti- 
microbial coating, which kills microorganisms on contact. The coating has particular unportance 
35 for the inside siuface of bottles containing ocular solutions. The coating comprises a polymer 
matrix made up of arms or tentacles of the polymer, and a biocide contained in reservoirs held 
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within a swirl of tentacles, and attached, one molecule at a time, to the tentacles. The polymer 
material "must be capable of insinuating the biocide into the cell membrane of the 
microorganism". Thus, the biocide is released "into the microorganism but not into the 
surrounding environment" (See col 2, lines 49-59). 

Packaging materials are typically made by converters, who construct the materials from 
existing paper or plastic stock. Converters typically run printing, scoring, laminating and folding 
operations, which operate at room temperature. Their profits depend on their appUcation of these 
processes to the starting materials. Lnparting anti-microbial properties to packaging materials 
has heretofore required additional production machinery, such as heated extrusion equipment. 
In spite of the desire of their customers to have packaging materials with long-term anti- 
microbial properties, converters have been unable to deliver such a product at an economical 
price especially for those using zeoUtes. Even though anti-microbial packaging commands a 
higher price, it has been cost prohibitive to date for converters to add the necessary equipment to 
produce the desired anti-microbial packaging materials. With the present invention, this 
advantage may be economically reaUzed on existing converter equipment, while maintaining 
other expected properties in packaging materials, such as scratch resistance and handling 
resistance. 

CTTMM ARV OF THE TNVFNTTON 

In accordance with one preferred aspect of the invention there is provided a method of 
applying an anti-microbial treatment to the surface of a packaging material. The method includes 
providing a substantially inert dispersion comprising a polymer and anti-microbial zeolites, 
preferably a zeolite containing silver ions, printing the dispersion onto the packaging material 
surface and drying the dispersion to form a coating layer having the polymer and zeolites on at 
least a portion of the exposed surface thereof. 

The zeolites comprise from about 0.5 % to about 10% by weight of the dispersion and 
preferably have a particle size of between about 2 and about 5 microns, a pore size of between 
about 3 and about 5 Angstroms. Packaging materials prepared by the process are also described 
herein. 

In another aspect of the invention there is provided a packaging material having anti- 
microbial properties on at least one surface thereof Specifically, the packaging material has an 
anti-microbial coating layer printed on at least a portion of a surface thereof The coating layer 



includes a polymeric material and zeolites containing silver ions, which are present on at least a 
portion of the exposed surface of the coating layer. As with the method described above, the 
zeolites have a particle size of between about 2 and about 5 microns and a pore size of between 
about 3 and about 5 Angstroms. The zeolites comprise from about 1% to about 5% by weight of 
5 the dried coating layer. 

In still further aspects of the invention, there is provided 1) a method for rendering paper 
or a cardboard substrate anti-microbial or otherwise more resistant to bacteria by applying a 
solvent-based polymer-zeolite dispersion as described herein to the substrate, and 2) a method for 
10 rendering a nylon, or polystyrene fihn anti-microbial or more resistant to bacteria by applying a 
water-based dispersion to the film. 

y The dispersions of the present invention may be appUed using conventional printing 

Q equipment such as rotogravure printing apparatus, at ambient temperatures. As a result, the 

lEI present invention provides a relatively inexpensive but quite versatile method for achieving anti- 

r| microbial coatings on packaging materials. The dispersions employed in the methods of the 
present invention are relatively low viscosity, enabling them to be easily handled by printing 

""^ equipment. The dispersions are also very stable, yielding a uniform distribution of zeolites in the 

U: printed coating layer. In addition, the polymer / zeolite dispersions may be either water based or 

2k^ solvent based. While Applicants do not wish to be bound by any particular theory, it is believed 

S J that the zeolite particles contribute at least in part to the stabiUty of the dispersion, and ensure 

O uniform, hi^ levels of zeolites in the coating layer. 

One advantage afforded by the present invention is the fact that the artisan can more 
25 efficiently deliver an effective amount of the anti-microbial zeoUte to the exterior surface of the 
coating layer. This is to be contrasted with the previously described zeolite containing coatings 
wherein the zeolites were forced below the surface and consequently unavailable for surface anti- 
microbial effect on the packaging materials. Indeed, although the silver forms no more than 
about 2.5% by weight of the preferred zeolite, the anti-microbial effective levels of silver is less 
30 than about 0.001% by weight of the dried coating. 

The anti-microbial dispersion formulations of the present apphcation may also provide 
scratch resistance and handling resistance, which are especially important in food contact fihns. 

35 The anti-microbial dispersion formulations of the present invention may also incorporate 

a variety of other coating ingredients. For example, ink pigments for lithography, rotogravure 
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printing, flexography, and offset gravure printing maybe incorporated into the coating 
formulations. Additional anti-microbial agents such as ZnO can be included. Thus, the 
application methods may also include discontinuous, patterned, printing, or full cover printing, 
which extends continuously across a surface portion of the packaging material. 

5 

Other and further advantages of the present invention will become apparent to artisan of 
ordinary skill upon reading the specification and claims attached hereto with reference being 
made to the attached figures. 

10 TOTFF nFSrRTPTTON OF TTTF. PR AWTNCS 

Figure 1 is a schematic representation of a zeolite used in the present invention. 

J- Figure 2 is a schematic representation of a cross-section of an anti-microbial sinface 

ig formed by the anchor coat of the present invention. 

J DFTATT.FD DFSrRTPTTON OF THF TNVF.NTTON 

: ^ The solvent-based and water-based novel anti-microbial dispersion formulations are 

^ described herein in relation to food contacting films. This is in no way intended to limit the 
D application of the dispersions and coatings achieved therewith. The use of singular terms for 
g convenience in the description is in no way intended to be limiting. Thus, for example, a 
1^^ formulation described as comprising "an anti-microbial" includes reference to a formulation 
comprising one or more of such anti-microbials; and the description of "a packaging material 
25 with a coating" includes reference to one or a number of coatings, at least one of which may be 
the dried anti-microbial coating layer described herein. The invention is also not limited to the 
particular process steps or materials disclosed herein, as such process steps and materials may 
vary somewhat. The terminology employed herein is used for the purpose of describing particular 
embodiments only and is not intended to be limiting, since the scope of the present invention will 
30 be limited only by the appended claims and equivalents thereof. 

For the purposes of the present invention, "substantially inert" shall be understood to 
mean that the inventive dispersions and the ingredients included therein, e.g. the polymers and 
zeolites, etc., are not appreciably reactive with each other and do not cause or undergo significant 
35 precipitation or agglomeration. Furthermore, for this purpose, "significant" shall be xmderstood 
to mean an amount greater than that which renders the coating dispersions unprintable using the 
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apparatus described therein. 

As pointed out above in the Summary of the Lavmtion section, one preferred aspect of the 
invention includes a method of applying an anti-microbial treatment to a portion of a surface of a 
5 packaging material. The method includes the steps of providing a dispersion containing a 
polymer and zeoUtes containing silver ions wherein the zeolites have a particle size of between 
about 2 and about 5 microns, a pore size of between about 3 and about 5 Angstroms. The 
dispersion is then appUed as a coating to at least a portion of a surface of the packaging material, 
preferably by printing as described in detail herein. The coating is permitted to be dried to form a 
10 coating layer having a surface in contact with the packaging material and an exposed surface 
which contains the polymer and zeolites on at least a portion thereof. The phrase "exposed 
surface" is intended to refer to the surface of the dried coating layer which becomes exposed to 
the environment, i.e. outer surface, and not the hidden (inner) surface that abuts the surface of the 
packaging material. 

1© 

The Kquid dispersions of the present invention preferably have a viscosity between about 
%| 1 0 and about 400 centipoise, or more preferably between about 200 and about 300 centipoise, at 
1 0-25*^C. However, the viscosity and theology can be modified so that the antimicrobial ink or 
J" coating can be applied by various printing and coating methods. For example, for hthographic 
2p processes, viscosities in the range of about 50,000 centipoise would be desired. 

JHZSS, 

m The zeolites used in the claimed process preferably have a particle size of between about 

H 2 and about 5 microns and a pore size of between about 3 and about 5 Angstroms. In especially 
preferred aspects of the invention, the zeolites have a particle size of at least about 5 microns and 
25 a pore size of at least about 4 Angstroms. 

In these aspects of the invention, the zeolites make up from about 0.5% to about 10% by 
weight of the dispersion. Preferably, the zeolites comprise from 1% to 5% by weight of the 
dispersion while most preferably the zeolites comprise from about 2% to about 5% by weight of 
30 the dispersion. 

nispftrsinn Tngrf^HiVnts 

A. Polymers for Sn1vftTi t--haseH DiRpftrsionR 
35 A wide variety of polymers can be employed as part of the inventive dispersions. For 

example, a non-Umiting list of the polymers that may be used in making the solvent-based 
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formulations of the present invention include, for example, polyamides, acrylics, polyvinyl 
chloride, methyl methacrylates, polyurethanes, ethyl cellulose, polyvinylbutyrral, polyketones 
and nitro celluloses. 

5 Generally, however, suitable polymers which are otherwise well suited for the purpose of 
being used as part of a fihn coating can be employed. Many solvent-based dispersions according 
to the present invention may be made with acrylic polymers. In one example, a polyamide is 
added to the acrylic polymer, and often a third resin is included. These formulations produce 
particularly adherent anti-microbial coatings. For example, they can be made to adhere to low 

10 energy polyethylene film. The solvent-based coating of the present invention also provides good 
adhesion to paper, nylon, and corona treated polyethylene. Films to which an anti-microbial 
dried coating layer of zeolites may beaded, may be alcohol based, and heat scalable, and are 
easily rendered non-fogging. Some particularly preferred polymers include polyamides available 
under the trade name UNI-REZ® from Arizona Chemical, Savannah, GA 

O Additional resin binders xiseful in making 1% and 2% solvent-based dispersion 

liJ 

formulations are SS Nitrocellulose Methyl methacrylate copolymer and SS Nitrocellulose. 

6 Formulations of Methyl methacrylate copolymerized rosin, and Polyvinyl chloride resin where 
^ stable at 5% by weight zeolites, and dip coated samples of these formulations onto polystyrene 

2J^ and stainless steel yielded an anti-microbially effective amount of silver ions. 

r B. MethofI of Making SnlvRrtt-hflserl Anti-mifirnhifll Dispersinns 

O The solvent-based dispersions may be formed as follows: 

The resin is dissolved in an appropriate solvent(s). A variety of desired additives may 
25 then be added to the mixture, which is again stirred to assure imiform distribution of the 

ingredients. Next, zeolites are added and the mixture stkred vigorously until all ingredients are 
dispersed, i.e. for about another 30 minutes. The mixture is then passed through a horizontal mill 
which contains inert beads in the range of 0.5 - 2 mm to complete the break-up of zeolites 
agglomerates that form during shipping or storage, and to remove the air from the surface of the 
30 zeolite, so it may be more easily wetted and enter nito the dispersion. Optionally, a wax may be 
added and the mixture again stirred until evenly distributed, i.e. for about 30 minutes. The 
product is then filtered through 10-25 micron filter and packed in suitable containers. 

Such coating formulations retain great stability. Although some settling of the zeoUte 
35 may occur in diverse conditions such as prolonged storage, mere sthring of the formulation 
before beginning the application process will easily yield a uniform dispersion of zeolites that 
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remains stable through out the application process. 



It will be understood by those of ordinary skill that the foregoing represents a general 
description of how the dispersions are formed. The exact amount of time required for each 
5 mixing step, for example, will depend upon several factors, including but not limited to specific 
resins selected, batch size, apparatus employed, optional ingredients employed, etc. 

C. Polymer for Water-based Dispersions 

The printable dispersions can also be a water-based dispersion. In such instances, a non- 
10 limiting list of suitable polymers includes sulfonated polyesters, polyurethane, polyamides, 
maleics, shellacs and acrylics. In particularly preferred embodiments, the polymer is an acrylic 
emulsion such as those available under the trade name JONCRYL® from Johnson Polymer, 8310 
16 Street, Sturtevant, WI. In other preferred embodiments, suitable polymers have an acid 
number of less than about 100 and more preferably less than about 60. In acrylic emulsions the 
l£i acid number may be from about to 100 to about 300. These formulations are preferably alkaline, 
and preferably have a pH of greater than about 8, and more preferably greater than about 9. 



D. Method of Ma.king Water-based Anti -microbial Dispersions 
The method of making the water-based dispersions, other than using water rather than 
2p organic solvents, is not substantially different from the steps followed to make the solvent-based 
dispersions of the present invention and will be ^parent to the ordinary skilled artisan without 
III undue experimentation. 

The polymers for both the solvent-based and water-based formulations are chosen such 
25 that the dried coating layers are substantially hydrophobic and not easily dissolved in water. This 
provides for water resistance which is required in most packaging applications. The zeolites 
remain at the exposed surface of the coating lay^ and continue to provide the anti-microbial 
property for substantially the full life of the packaging material 

30 E. Zeolites 

Zeolites are aluminosilicates. They have a crystalline structure which permits them to 

incorporate a variety of substances. Naturally occurring zeolites contain either sodium or 

calcium, or both, and are generally represented by the formula Na20 • AI2O3 • x Si02 • x H2O. 

Synthetic zeolites may contain potassium, magnesium, and iron. Zeolites undergo ion exchanges 
35 and the anti-microbial zeolites used in the present invention are those in which anti-microbial 

metal ions have been exchanged for other ions in the zeolite. Anti-microbial zeolites release 
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anti-microbial metal ions through the process of ion exchange and thus impart anti-microbial 
properties to the coating and the packaging material The zeolites are dispersed as a fine solid in 
the dispersions. The most preferred antibiotic ion is Ag*^, however, copper, zinc, mercury, tin, 
lead, bismuth, cadmium, chromium and thalliimi ions are anti-microbial ions which may be used 
to create anti-microbial fihns according the present invention. The sodium, calcium, potassiimi 
and/or iron ions of the zeolite are exchanged for anti-microbial metal ions, e.g. silver ions, 12, 
(Ag^, to produce an anti-microbial zeolite. 

Though the remainder of the description will refer to silver-containing zeolites, it will be 
understood that any anti-microbial metal ion-containing zeolite may be used in the present 
invention. Zeolite, type A, a synthetic aluminosilicate, manufactured by Sinanen Company, Ltd, 
and suppUed by Agion, is one particularly preferred zeolite for purposes of the present invention 
and is depicted at 10 in Figure 1. 

In Zeolite type A, silver, zinc and ammonium ions have been exchanged for the sodium 
ions. The silver in the zeolite does not exceed 2.5% by weight. The fi*ee silver ions create an 
anti-microbial region at the surface of the coating, as shown in Figure 2, incorporating silver 
ions, 12. The zeolites used in the present application typically have a particle size of between 2 
and 6 microns, and preferably between 4 and 5 microns. Most preferred are type AJIOD zeolites 
having a particle size of about 5 microns, and a pore size of about 4 Angstroms, permitting the 
silver ions to be readily released from the zeolite simply by contact with moisture. The zeolites 
comprise from about 1% to about 5% by weight, and preferably at least about 2% to about 5%, 
by weight of the dispersion. 

F nptinnal DiRpersinn Trigredifints 

The dispersions of the present invention can also contain one or more optional ingredients 
to improve its utility or confer additional properties to the final product. For example, preferred 
embodiments, the dispersion can include up to about 2 % by weight zinc oxide. 
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Pgpk aging Siihstratfts for Anti-miprnhial nispersinn Fnrmnlatinn Application 

A non-limiting list of the film packaging materials that woxild be suitable for application 



ueiiopnancs (pi am coaicuj 


V myi L/nioiiQe i^o-poiynicrb 


L/eiiuiose Acciaie riims 


vinyuaene v^nioricLe i^o-poiynicrb 




AlnTnimim Pnil^ 


Methyl Cellulose 


Laminates 


Polyesters 


Paper 


Polyethylene 


Paperboard 


Polypropylene 


Glassine 


Polystyrene 


Nylon 



Food packaging fihns suitable for use in the present invention include polymeric films 
such as blown fibn, oriented fihn, stretch and shrink fihn, heat shrinkable bags and food casings. 
"Food packaging fihns" as that term is used herein are flexible sheet materials which are suitably 
15 mils or less and preferably less than 10 mils (25 microns) in thickness. Suitable fihns include 
regenerated cellulose and thermoplastic stretch or shrink films, and may be monolayer or 
multilayer films. Shrink films are preferably formed into heat shrinkable, biaxially oriented bags. 
Plastics such as homopolymers or copolymers of polyolefin's e.g. polypropylene, polyethylene, 
or polyamides, polyethylene terphthalate, polyvinylidene chloride copolymers or ethylene-vinyl 
acetate copolymers may also be used to form the food-contacting fihns of the present invention. 

There are many methods for applying the dispersion formulations of the present 
apphcation, however, printing is preferred. "Printing" as defined here is the delivery of an ink or 
coating at the desired thickness and image pattern. Readily available printing methods include 
low viscosity applications, such as rotogravure, flexography, screen, pad and offset gravure, 
while higher viscosity appUcations can include offset, lithography, and roll coating. The specific 
printing technique to be used for the antimicrobial coating depends on the desired package 
material and design. Films such as polyethylene would be printed by flexography using a central 
impression drum to support the film web, heavy guage paper can be printed by conventional 
rotogravure. 
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Rotogravure printing is the preferred embodiment in the method for applying the 
dispersion coating of the present invention. Gravure processes begin with the engraving of the 
desired pattem or image into a plate, or about a roller. The use of a roller provides for a 
continuous process, printuig the image repeatedly onto a moving web. Thus, in the continuous 
5 process, deemed a rotogravure process, the print image desired is carved into the surface of the 
roller, sometimes called a print or engraved cylinder. The printing ink or zeoUte dispersion is 
provided in a trough. The rotating cylinder is mounted horizontally such that, a full height of the 
cylinder extends into the print solution in the trough. As the cylinder turns, it is flooded with 
print solution. A doctor blade, extending the height of the cylinder removes the excess 
10 dispersion solutions, leaving the dispersion in the carved image. The cylinder then turns to a nip 
with an impression roller, and prints onto a web moving through the nip. Thus, an image is 
placed on the web. 

H In the present invention, this process and equipment are used e.g. to place a pattem of the 

ifc anti-microbial dispersion on a continuously moving plastic fihn. The trough typically contains 
D no mechanism to stir or agitate the print solution. On occasion, such as after shipment or storage, 
the dispersion of the present invention may require stirring before being placed in the trough, but 
no subsequent stirring mechanism is required. Simply by way of illustration, and without 
hmitation, an antimicrobial coating can be appUed via rotogravure. The first requirement is to 
2^ adjust the coating viscosity to allow the coating to flow out uniformly on the substrate at the 

desired press speed. This viscosity adjustment is typically made by the addition of solvent to the 
ifrj desired viscosity. To assure there is no setthng of the anti-microbial additive, the anti-microbial 
Q coating is stirred for a few minutes before being pumped mto liie gravure coating station. The 
coating is then applied using an engraved rotogravure cylinder equipped with a doctor blade. 
25 Once the coating is applied at the desired thickness, it goes through a thermal drying oven which 
removes the solvents and produces a dried antimicrobial fihn. 

Although the dispersions of the present invention can be used with a variety of, e.g. 
flexographic and rotogravure printers, some specific printers in which the dispersions can be 
30 employed without modification thereto include such press producers as Mark Andy, Comoco, 
Bobst-Champlain, Schiavi, PCMC, Comexi and William & Holscher. 

The dispersions are particularly advantageous in printing applications, including 
silkscreen, offset gravure, lithographic and flexographic printing operations. More complicated 
35 or expensive equipment and processes may be used, as desired, for the dispersions are quite 
stable. 
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As stated above, films coated with the dispersion formulations of the present invention 
have a variety of uses, but perhaps the most important is as a food contacting film used both in 
food preparation and packaging, in both tiie commercial and home settings. However, the 
5 coating compositions of the present application have utility in any application where anti- 
microbial surfaces are desired. For example, the coating could be used on the surfaces of the 
paper inserts for food container tops or lids, or on fihns or paper used for disposable sanitary 
covers, such as those for rolling pins, or dough preparing surfaces, or plastic bags used for food 
storage. In some preferred aspects, the fiJm packaging materials to which the inventive 
10 dispersion is appUed include polystyrene and polyurethane. 

Thus, the invention provides a novel dispersion and application method for providing an 
anti-microbial surface on a film, or other substrate. When dried, the dispersion yields a coating 
^ with zeolites at the surface, which will release silver ions upon Ihe application of moisture. As 
igi shown on Figure 2, the coating composition, 20, is made up of base polymer, 22, with AglON™ 
f ; ; powder, 24, distributed there through. Exposure to air produces the surface fihn of moisture, 26, 
%4 which provides for ion release at 28. The slow constant release of silver ions by the zeolite 
^ particles provides long-acting anti-microbial properties. 

n 

7^ F.XAMPT.FS 

Jl^ The following examples serve to provide further appreciation of the invention but are not 

py meant in any way to restrict the effective scope of the invention. 

Example 1 Agnenns Anti-micmhial Cnating 
25 The following ingredients were combined to form a water-based, printable dispersion 

formulation according to the present invention: 



D.L Water 1.90 

NH4OH 1. 00 

Surfynol420 0.10 

30 N-Propanol 3.00 

Propylene glycol monomethyl ether (PGME) 4.00 

Lucidene 650 80.0 

ZnO Solution 5.00 

SST-3 Wax 3.00 

35 AglONAJlOD ?no 

100.00 parts by weight 
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The coating formulation was prepared as follows: 

1. 1.90 parts of di-ionized (D.L) Water, 1.00 part of ammonium hydroxide solution and 
0. 10 parts of Surfynol 420 to 80.00 parts of Lucidene 650 were combined with stirring and 
stirring was continued for 30 minutes. 

2. Under constant stirring, 3.00 parts of N-Propanol and 4.00 parts of PGME were added 
and stirring was continued for an additional 15 minutes. 

3. Next, 5.00 parts of Zinc Oxide Solution and 2.00 parts of AglON's AJ 10 D were 
added and the ingredients were stirred vigorously for an additional 30 minutes. 

4. Next, the mixture of ingredients is passed through a horizontal mill having inert beads 
in the range of 0.5 - 2 mm diameter. 

5. Finally, 3.00 parts of SST-3 Wax were added and stirring was continued for 30 
minutes. 

The resultant dispersion was appUed to polyethylene film via a Pamarco Hand Proofer 
using 180 (180 lines/inch) anilox roll and dried in an oven at 80°C for 10 minutes. The exposed 
surface of the resultant anti-microbial coating layer was found to have the zeoUtes thereon. 

Example 2 

The treated substrates of Example 1 were next tested for anti-microbial activity against 
the following microbes: 

Sahnonella Staphylococcus 
E. coU Yeast 
Pseudomonas Mold 

These tests were performed by direct inoculation of a specific quantity of bacteria into a petri 

dish 

which contained a 2"x2" anti-microbial film sample and then quantifying the bacteria reduction 
using a control sample of fihn that did not contain the anti-microbial coating. 

The quantification of the bacteria reduction in 24 hours is obtained from the 
following formula: 

% Reduction = CPU's / ml (of Assay + Control) @ T=0 - CPU's / ml at T=24 hours 

CFU's/ml (of Assay+Control) @T=0. 
In each case, the treated surfaces were determined to be 99.9% effective against each microbe. 
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Example 3 

In this Example, the dispersion of Example 1 was applied to polystyrene film with #3 and 
#7 Meyer rods. The #3 rod produced a dry anti-microbial coating layer of about 3.75 microns, 
and the #7 rod, 8.75 microns. Two inch by two inch samples of the dried anti-microbial coating 
5 layer were treated with 25 ml. of 0.08% NaNOs to extract the silver ions. The #3 Meyer rods 
produced a sample that yielded about 503-506 mcg/L. silver ions. The #7 Meyer rods produced a 
sample that yielded 320 silver ions. The amount of silver ion available at the film surface is 
quite high and produces a very effective anti-microbial concentration. (A level of 50 \ig/L of 
silver ions is considered a good level for anti-microbial effectiveness.) 

10 

Examples 4 and 5 

Type AJ zeolites were added to a styrenated acrylic oligomer and acrylic emulsion, at 1% 
H (Example 4) and 2% (Example 5) by weight, 
p? Example 4 

1C3 To an acrylic composition (FGN3359, containing Zn) was added 1% of AJ zeolite and the 

mixture was dispersed using a Red Devil Shaker for 6 minutes. The sample was left overnight 

:M and the dispersion had good flow properties. This sample was used to coat a test film and 

tf3 subsequently tested for anti-microbial effectiveness. 
Example 5 

2l^^ To the acrylic composition (FGN3359, containing Zn) was added 2% of AJ zeolite and 

■f1 

^ the mixture was dispersed usiag a Red Devil Shaker for 6 minutes. This sample was left 

! y 

B overnight and found to have increased in viscosity to were it had little or no flow. This material 
could not be used for print coatings. Further tests reproduced the results. 

25 The reason for this result is believed to be due to the fact that in this formulation Hie 

acrylic resin has an acid number above 200 is in solution, and precipitates with high levels of 
dissolved metal ions. Water-based formulations utilizing low acid number acrylic resins or 
acrylic emulsions, such as those described above, did not show the same instability with the 
metal ions. 

30 

While the 1% dispersion remained stable for more than 24 hours, the 2% dispersion made 
with the high acid number polymer produced a precipitate which seeded out, forming an ahnost 
solid mass, which could not be easily applied to plastic fihn or other packaging substrates at 
room temperatures. The increase in metal ions, with the higji level of acid groups in the soluble 
35 acrylic resin, produce this precipitation. 
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Example 6 

On speculation that the seeding in the acrylic resin in Example 5 was due to the 
interaction of the silver ions with the acid groups of the acrylic resin, a 5% by weight dispersion 
of type AJ zeolites in sulfonated polyesters was made. Specifically, the formula for the 
dispersion of Example 5 was used except that the styrenated acrylic oligomer and acrylic 
emulsion were replaced by the sulfonated polyesters. 

The resultant dispersion did not seed out. Heat was applied to accelerate any 
precipitation or seeding and none was noted. Thus, because of their extremely low acid number, 
these sulfonated polyester resins may be used to create printable formulations containing 10% by 
weight zeolites (dry basis). 

Example 7 Snlvfint-hflS ftH Anti-minrnhia1 DispfirsioTi Fortrnilfltinns 

The following ingredients were used to form a solvent-based dispersion according to the 
present invention: 

Polyamide Resin 1 6.40 

N-Propyl Alcohol 32.80 

D.L Water 0.50 

N-Propyl Alcohol 20.13 

Nitrocellulose 18.00 

Ethyl Acetate 3.00 

HercolynD 3.37 

Wax 3.80 

AglONAJlOD 2m 

100.00 parts by weight 

The dispersion was prepared as follows: 

1. 16.40 parts of polyamide resin was dissolved in 32.80 parts of N-propyl alcohol that 
contains 0.50 parts of di-ionized (D.L) water with stirring. 

2. A solution of 18.00 parts of nitrocellulose containing 20.13 parts of N-Propanol, 3.00 
Ethyl Acetate and 3.37 parts of Hercolyn D was then added to the polyamide solution and the 
combination was stirred well for 15 minutes. 

3. Next, 2.00 parts of AglON's AJ 10 D was added to the solution under and stirred 
vigorously for 30 minutes. 

4. The resultsmt mixture was passed through a horizontal mill having inert beads in the 
range of 0.5 - 2 mm diameter. 
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5. Thereafter, 3.80 parts of wax was added to the mixture aad stirred for 30 minutes. 

6. The coating was appUed to polyethylene and tested for its ant-microbial properties. 
The test results showed that Direct Injection of the following bacteria showed a 
99.9% reduction. 



Many modifications and variations of this invention can be made without departing fi-om 
its spirit and scope, as will be apparent to those skilled in the art. The specific embodiments 
described below are offered by way of example only, and the invention is to be limited only by 
the terms of the appended claims, along with the full scope of equivalents to which such claims 
are entitled. 

The various patents and publications mentioned herein are hereby incorporated herein by 
reference. 



Pseudomonas 



E. coli 



Sahnonella 



Staphylococcus 

Yeast 

Mold 
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